Residential segregation is the spatial manifestation of entrenched socioeconomic and racial inequities and is considered a fundamental cause of racial inequalities in health. Despite the well-documented racialized spatial inequalities that exist in urban areas throughout Brazil, few empirical investigations have examined the link between residential segregation and health and considered its implications for racial health inequalities in this setting. In the present study, we used data from the Brazilian Longitudinal Study of Adult Health (2008e2010) to examine the association between economic residential segregation and two major cardio-metabolic risk factorsdhypertension and diabetes. We also examined whether associations were stronger for historically marginalized racial groups in Brazil. Residential segregation was calculated for study-defined neighborhoods using the Getis-Ord Local G i * statistic and was based on household income data from the 2010 IBGE demographic census. Multivariable logistic regression models were used to examine associations. In our sample, Blacks and Browns were more likely to live in economically segregated neighborhoods. After taking into account income, education, and other demographic characteristics we found that individuals living in the most economically segregated neighborhoods were 26% more likely to have hypertension and 50% more likely to have diabetes than individuals living in more affluent areas. Although Blacks and Browns living in highly segregated neighborhoods had higher prevalence of hypertension and diabetes compared to Whites, we observed no statistically significant racial differences in the associations with residential segregation. Our findings suggest that residential segregation may be an important structural determinant of cardio-metabolic risk factors in Brazil. Moreover, the systematic and disproportionate exposure of Blacks and Browns to highly segregated neighborhoods may implicate these settings as potential drivers of racial inequalities in cardio-metabolic risk factors in urban settings in Brazil.
Introduction
Residential segregationd defined as the systematic separation of individuals into different neighborhoods based on social class and/or raced is considered a "fundamental cause" of racial health inequalities (Williams and Collins, 2001 ) and has received considerable attention in U.S.-based epidemiologic studies (for recent reviews see Kershaw and Albrecht, 2015; Krieger, 2014) . The link between segregation and health has been explored for a number of health outcomes including cardio-metabolic risk factors (Kershaw and Albrecht, 2015) with most studies documenting stark inequalities along dimensions of race and class-based measures of segregation (Kershaw and Albrecht, 2015; Krieger, 2014; Krieger et al., 2015) .
Although there are documented socioeconomic and racial health inequalities in Brazil, the consequences of segregation on health outcomes have not been sufficiently examined in this setting. A number of parallels between and distinctions from the U.S. make Brazil a particularly relevant context for investigation. First, like the U.S., Brazil shares the infamous legacy of slavery, importing 11 times more west and central Africans as slaves than the U.S. during its nearly 300-year history in the country (Telles, 2004a) . As a result, Brazil has the largest African-descended population outside the continent of Africa with Blacks and Browns numbering 15 million and 82 million, respectively in 2010, more than half (50.7%) of Brazil's 191 million inhabitants (IBGE, 2010) . Secondly, though residential segregation in Brazil has most often been described and characterized as a by-product of "social class" as opposed to "race", documented racial inequalities in educational and job market opportunities (Marteleto, 2012) and racial discrimination (Antônio and Ribeiro, 2006; Hasenbalg, 1979; Telles and Lim, 1998) has resulted in a disproportionate number of nonWhites in economically segregated residential environments (Telles, 2004b) . The over-representation of Blacks and Browns in these settings is a very visible manifestation of structural racism in Brazil that may implicate these settings as potential drivers of racial inequalities in health (Chor et al., 2015a) .
Another important distinction is that racial classification in Brazil does not replicate the binary Black-White divide found in the U.S. and can be better understood as a racial continuum based on skin color that is commonly summarized as a ternary system composed of Blacks, Browns ('Pardos'), and Whites (Telles, 2014) . As such, residential patterns in Brazil do not mimic the Black-White dichotomy found in many urban settings throughout the U.S. Finally, segregation in Brazil is often characterized by the "peripheralization" of the poor (mostly Blacks and Browns) which is distinct from the spatial patterning found in major cities in the U.S. in which poor communities of color are often concentrated in the inner-cities (Jargowsky, 2015; Massey and Denton, 1993; Wilson, 1987 Wilson, , 2009 ).
Residential segregation in Brazil
According to the 2010 census, the urban population in Brazil comprises almost 161 million people, upwards of 80% of the total Brazilian population (IBGE, 2010) . Like most Latin American countries, the urban landscape in Brazil is characterized by multiple forms of intertwining, spatial inequalities (Angotti, 1996) d the byproduct of a complex set of historical, political, and economic factors (Telles, 1995 (Telles, , 2004b . Despite significant social advances of the last decade, the intra-metropolitan inequality levels captured by social indicators in Brazil are very acute; in the most extreme cases, some neighborhoods have median per capita incomes nearly 35 times higher than others (IBGE, 2010) .
The most resilient and pervasive trait of Brazilian cities is the peripheralization of the poorest segments of the population who are often segregated into distant neighborhoods on the outskirts of major metropolitan areas. Since the provision of urban services is closely linked with social class, these residentially segregated areas are poorly served by public infrastructure, lack basic public amenities and are less integrated into the economic circuits of the city (de Carvalho and Pereira, 2007) . In contrast, medium and high income classes usually concentrate in residential areas closer to jobs, educational opportunities, leisure activities, transport options and public services.
The roots of segregation in Brazil are complex, but can be traced back to the last quarter of the nineteenth century, when poor and former enslaved people sought opportunities of life and work in the cities, building and occupying improvised stilt houses, shacks, and tenements (Theodoro, 2008) . The phenomenon became more accentuated and started to assume its present form mostly since the 1940s. It was by then that urbanization processes accelerated and massive migrations from rural to urban areas took place in Brazil, changing it dramatically from a rural to an urban nation (Ermínia Maricato, 2010; L. Ribeiro and Katzman, 2008) . The rapid growth of the cities was not accompanied at an equal pace by investments in basic infrastructure such as piped water, basic sanitation, energy supply and asphalt paving. Consequently, one of the remnants of this process is the existence of large networks of informal or "illegal" arrangements known as "favelas" that emerged as a matter of necessity for the poor in the face of inaction by the State and the private housing sector's economic interests (Ermínia Maricato, 2010; P. Torres et al., 2016) . Over time, the lack of sustained urban planning and public housing programs as well as limited State control over the housing market has served to maintain these spatial inequalities. However, segregation in Brazil not only reflects inequalities based on social class but is also a reflection of the historical geographic segregation of the Afro-descended population into less developed sections of urban areas (L. Ribeiro et al., 2009; Telles, 1992; Theodoro, 2008) . Across the urban landscape in Brazil, Blacks and Browns are disproportionately represented in economically segregated neighborhoods, due in large part to inequalities in educational and job market opportunities (Antônio and Ribeiro, 2006; Osorio, 2009; C. Ribeiro, 2012) . For example, though Blacks and Browns make up 50% of the population, they comprise upwards of 70e80% of residents in some of the most economically segregated neighborhoods in the country (Gusmão, 2015) . Moreover, Blacks and Browns who have achieved middleclass status have been largely excluded from the most affluent areas due to inequities in accumulated wealth and discrimination which limits their mobility out of economically segregated neighborhoods (Erminia Maricato, 2013; Rocha et al., 2016) . In short, residential segregation in Brazil represents interconnected economic and racial inequalities that may have profound implications for health and health inequalities.
At the intersection of place, race, and health in Brazil
In 2012, 30% of all deaths were attributable to cardiovascular diseases in Brazil (Brazil Health Ministry, 2013 ) making cardiometabolic risk factors such as hypertension and diabetes a major public health concern. High blood pressure is the leading risk factor for death and years of life lost in Brazil (Lim et al., 2012 ) and the country is ranked 4th globally in terms of the absolute number of persons with diabetes (NCD-RisC, 2016) . Though a burgeoning literature exists on the influence of residential environments on cardiovascular disease and related risk factors broadly (Chaix, 2009; Diez Roux and Mair, 2010; Leal and Chaix, 2011) , and residential segregation more specifically (Kershaw and Albrecht, 2015) , explanations for the etiology of risk factors such as hypertension and diabetes in Brazil have mostly been limited to individual lifestyle factors related to diet and physical activity. Absent from these explanations are considerations of broader structural mechanisms such as economic segregation that may influence hypertension and diabetes through a number of pathways including limited access to economic and educational opportunities, limited access to healthpromoting resources and healthcare services as well as chronic exposure to a number of health-damaging social factors (Kramer and Hogue, 2009; Williams and Collins, 2001 ).
Using data from the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil), we examined the cross-sectional association between economic residential segregation and hypertension and diabetes using the Getis-Ord Local G i * statisticd a novel spatial approach to measuring neighborhood-level segregation. To our knowledge, no studies have examined economic segregation in relation to cardio-metabolic risk factors in Brazil and considered its implications for racial health inequalities in this setting. We hypothesized that economic segregation would be positively associated with hypertension and diabetes independent of sociodemographic characteristics. We also examined the extent to which associations differed by race. Given the marginalized racial status of Blacks and Browns in Brazild which may compound the impact of segregation on hypertension and diabetes vis-a-vis other forms of institutional and interpersonal racismd we hypothesized that the impact of economic segregation would be stronger among these groups (Krieger, 2011) . Finally, we explored whether specific features of the neighborhood environment and behavioral and biological risk factors partially explain observed associations.
Methods

Study population
ELSA-Brasil is a multicentre cohort study designed to examine the etiology of cardiovascular diseases and diabetes in Brazil, including their social, environmental, occupational and biological determinants (Aquino et al., 2012) . The sample includes civil servants from 5 universities and 1 research institution located in six metropolitan areas in Brazil: Belo Horizonte, Porto Alegre, Rio de Janeiro, Salvador, São Paulo, and Vit oria. All active or retired employees of the six institutions ages 35e74 years were eligible for the study and approximately equal proportions of unskilled, technical/ clerical, and faculty/professional staff were enrolled. The study population is also heterogeneous with regard to race and includes Whites (52%), Browns (28.2%) and Blacks (16.1%) as well as Indigenous and Asian groups (<5%) (Schmidt et al., 2015) .
The baseline examination for the study took place from August 2008 to December 2010 and included extensive clinical examinations as well as in-person interviews conducted by trained personnel Chor et al., 2013) . Information abstracted from the mailing address provided during the baseline interview was used to geocode participants to their census tract of residence (98.2%). More detailed information e including design, sources and methods of recruitmente have been described in detail elsewhere (Aquino et al., 2012; Schmidt et al., 2015) . The study was approved by the Research and Ethics Committees of the institutions involved and all participants signed declarations of informed consent.
The analytic sample for this study included all ELSA-Brasil participants with geocoded information who self-identified as Black, Brown, or White and resided in the metropolitan boundaries of the six study sites (n ¼ 11,049). Individuals were excluded if they had missing data on hypertension and diabetes (n ¼ 17) and key covariates (n ¼ 415). The resulting analytic sample was comprised of 10,617 participants residing in 1848 study-defined neighborhoods.
Measures
Residential segregation
Local neighborhood environments were based on study-defined boundaries which were created for each site using a spatial aggregation method based on SKATER (Spatial 'K'luster Analysis by Tree Edge Removal). This method was used to create clusters of contiguous census tracts that had a minimum population size of 5000 inhabitants and were homogenous with regard to four socioeconomic indicators from the 2010 Brazilian Institute of Geography and Statistics (IBGE) demographic census (IBGE, 2010) : the proportion of the population 0e4 years of age; household size; mean household income; and the proportion of Whites (Santos et al., 2010) . This geographic scale is comparable in size to U.S. census tracts which are commonly used proxies in neighborhood effects research (Krieger, 2006) .
Economic residential segregation was assessed for all studydefined neighborhoods located within the metropolitan boundaries of the six ELSA-Brasil sites. We chose to use economic segregation as opposed to race, because social class is more commonly used in Brazil and because the complexities of Brazilian racial classification make it difficult to transpose commonly used measures of racial residential segregation from the U.S. context to this setting. We used the Getis-Ord Local G i * statistic (hereafter, G i * statistic) (Getis and Ord, 1992) , a novel spatial approach that has been used in recent epidemiologic investigations of segregation and cardiovascular disease . The G i * statistic is a spatially-weighted z-score that represents how much a neighborhood's income composition deviates from the larger metropolitan area. Unlike more commonly used measures of segregation such as the dissimilarity index and the isolation index which are used to characterize segregation for larger geographic units (e.g. metropolitan areas) (Massey and Denton, 1988) , this measure captures segregation at the neighborhood-level which allows for the examination of segregation within metropolitan areas (Kershaw and Albrecht, 2015) and the exploration of more localized mechanisms linking residentially segregated environments to cardiometabolic risk factors. Moreover, the G i * statistic improves upon past neighborhood measures of segregation, which have generally relied on racial or socioeconomic composition as crude approximations of local segregation, by accounting for the spatial clustering of segregation (i.e. poor neighborhoods surrounded by other poor neighborhoods will have higher values) and the income composition of the larger metropolitan area in which the neighborhood is embedded. The latter is particularly important because a neighborhood with a compositional value of 50% poor means a very different thing in terms of segregation if the city as a whole is 5% poor (the neighborhood is therefore highly segregated) than if 50% of the overall population is poor (the neighborhood is not segregated at all).
For the present study, the G i * statistic was based on the proportion of heads of households in a neighborhood earning a monthly income of 0e3 minimum wages (i.e. up to 3 times the minimum wage or approximately $900 USD in 2010) and was derived using data from the 2010 IBGE census (IBGE, 2010) . The decision to use 3 minimum wages as the cut-point was based on prior studies of economic segregation in Brazil (H. d. G. Torres, 2006) . G i * scores were calculated for neighborhoods in each ELSA site separately using the Hot Spot Analysis Tool in ArcGIS ® , version 10.3 and based on the following equation:
Where x j represents the proportion of households with 0e3 minimum wages for neighborhood j; w ij is the spatial weight between feature i and j, n is the total number of neighborhoods within the metropolitan area, X is the mean proportion of households with 0e3 minimum wages for the metropolitan area, and S is the standard deviation (ESRI). Neighboring tracts were weighted using a first order rook spatial weight matrix to ensure consistency across study sites. Large, positive scores represent neighborhoods that are more segregated (i.e. higher proportion of households with 0e3 minimum wages) while low negative scores represent neighborhoods that are less segregated (i.e. lower proportion of households with 0e3 minimum wages). Based on the distribution of the sample, we created categories of segregation that represent neighborhoods with segregation scores ±1 standard deviation above the metropolitan mean (High: G i * statistic !1; Medium G i * statistic between 1 and -1 and Low: G i * statistic À1).
Hypertension and diabetes
Hypertension was defined as systolic BP ! 140 mmHg or diastolic BP ! 90 mmHg or use of antihypertensive medication in the last two weeks (Chor et al., 2015b) . Systolic and diastolic blood pressure (BP) was measured during the baseline examination after a 5 min rest with the participant in a sitting position in a quiet, temperature-controlled room. Three measurements were taken at 1-min intervals and mean systolic and diastolic BP of the second and third readings were calculated for each participant.
Diabetes mellitus at baseline was defined as self-reported diabetes, use of anti-diabetic medication or any of the following diagnostic criteria assessed using blood samples collected during the baseline examination: fasting plasma glucose !126 mg/dL; 2 h plasma glucose after a 75 g glucose load !200 mg/dL; or glycated hemoglobin !6.5% (Schmidt et al., 2015) .
Covariates
Individual socio-demographic characteristics included age (in years), gender (male or female), race, per capita income (in Reais) and educational attainment. Race was based on self-report and categorized as Black, Brown, and White. Per capita household income was derived by dividing the midpoint of the self-reported household income category by the number of members in the household dependent on the income. Education was categorized as incomplete elementary school, completed elementary school; completed secondary school, and university degree.
Information on features of the social, physical, and food environment that may partially mediate the association between segregation and hypertension and diabetes (Diez Roux and Mair, 2010) , was obtained using validated scales during the baseline examination (Santos et al., 2013) . These scales were cross-culturally adapted from prior work in the Multi-Ethnic Study of Atherosclerosis (Mujahid et al., 2007) and validated in the study population.
The neighborhood social environment was assessed using two scales: social cohesion (e.g. "This is a close-knit or unified neighborhood", Cronbach's a ¼ 0.65) and exposure to violence (e.g. "In the past six months, how often was there a robbery or mugging in your neighborhood?" Cronbach's a ¼ 0.73). The neighborhood walking/physical environment was assessed using a 9-item scale (e.g. "It is pleasant to walk in my neighborhood", Cronbach's a ¼ 0.76) and the neighborhood food environment was assessed using a 4-item scale (e.g. "A large selection of fresh fruits and vegetables is available in my neighborhood", Cronbach's a ¼ 0.79).
Items for each scale were summed to create overall scores with higher scores denoting worse perceived neighborhood physical and food environments. All scales of the neighborhood environment demonstrated moderate reliability and were consistent with past assessment in the study population (Chor et al., 2016; Santos et al., 2013) .
Finally, we included health behaviors and biological risk factors that could confound or partially mediate the association between segregation and hypertension and diabetes: physical activity, daily total caloric intake, daily fat intake, smoking status, alcohol consumption, and obesity status. Physical activity was assessed using data from the International Physical Activity Questionnaire long form (Lee et al., 2011) and categorized based on the number of minutes per week participants engaged in physical activitydboth leisure and transport-relatedd (no physical activity, <150 min/ week, ! 150 min/week) (Chor et al., 2016) . Total daily caloric intake (in grams) and daily lipid intake (in kcal) were obtained using information from a 114-item food frequency questionnaire adapted for the study population . Smoking status was categorized as current, former, never. Alcohol consumption was assessed via questionnaire and was dichotomized as "high" according to the amount consumed per week (men !210 g; women !140 g). Body mass index (BMI) was calculated by dividing the patients' weight in kilograms by height in meters squared and obesity was categorized as a BMI ! 30 kg/m 2 .
Statistical analysis
We examined the distribution of select study characteristics for the full sample, categories of segregation, and for hypertension and diabetes (Supplemental Table 2 ). Means and standard deviations were calculated for continuous variables and frequency distributions were calculated for categorical variables. Age and gender adjusted prevalence of hypertension and diabetes were calculated for the total population, categories of segregation and for crossclassified categories of segregation and race using the PROC GEN-MOD procedure.
To examine the association between segregation and hypertension and diabetes, we fit a set of sequential logistic regression models separately for each outcome. We also fit separate models that examined continuous and categorical specifications of segregation. Model 1 adjusted for age, race, and gender. To examine whether the association was independent of individual socioeconomic status, Model 2 further adjusted for family income and education. Finally, Models 3 and 4 adjusted for features of the neighborhood environment (included in models as tertiles) and behavioral and biological risk factors, respectively that may partially explain the association. All models also included indicator variables for study site to control for any site-specific confounders. To examine whether the association differed by race, we included interaction terms between segregation and race in regression models controlling for socio-demographic characteristics.
In sensitivity analyses, we ran generalized estimating equations (GEE models) to account for the clustering of individuals within neighborhoods using the same modeling procedure. We observed no changes in standard errors, likely due to the sparse distribution of participants across neighborhoods in the sample (median ¼ 3) and point estimates remained consistent across all models. Therefore, results from logistic regression models are reported. All analyses were carried out using SAS ® software, Version 9.3 (SAS ® Institute, Inc., Cary, NC).
Results
Residential segregation in the ELSA-Brasil sample
Segregation scores ranged from À6.85 to 3.48 and approximately 14% of the total sample (n ¼ 1534) resided in highly segregated neighborhoods. Mean segregation scores were higher for Blacks and Browns compared to Whites (Fig. 1 ) and, consistent with general patterns of race and segregation in Brazil (see Supplemental Table 1 ). Blacks and Browns were more likely than Whites to reside in highly segregated neighborhoods (Blacks: 25.9%; Browns: 20.2%; Whites: 8.2%, see Supplemental Fig. 1 ). We also observed that for Browns, the distribution of segregation differed based on the racial composition of the context. Specifically, while it is common for Browns to occupy an intermediary social position relative to Blacks and Whites, the relative position of Browns in our sample was more or less distinct from Blacks depending on the racial composition of the larger metropolitan area. For example, in Salvador, (Bahia) which is located in the Northeast region of Brazil and has the largest Black population in the country, the distribution of segregation for Browns was more distinct from Blacks (G i * statistic mean scores for Browns: À1.61 vs. Blacks: À0.6). This was in contrast to Porto Alegre, (Rio Grande do Sul), a city located in the southern region of Brazil which has a much higher proportion of Whites compared to other regions (G i * statistic mean scores for Browns: À0.25 vs. Blacks: 0.02). Here, the distribution of segregation among Browns was more similar to Blacks (see Supplemental Fig. 2a and 2b ).
Sample characteristics
Individuals residing in highly segregated neighborhoods were slightly younger, less educated and had lower household incomes. They were also more likely to be current smokers, engage in less physical activity, consume more total calories per day and were more likely to be obese. Perceptions of the neighborhood physical, food and social environments were generally worse in highly segregated neighborhoods (see Table 1 ). Compared to those without hypertension and diabetes, individuals with hypertension and diabetes were older, less educated and had lower household incomes. They were also more likely to consume high amounts of alcohol, more total calories per day and were more likely to be obese (see Supplemental Table 2 ).
Adjusted prevalence of hypertension and diabetes
Age and gender adjusted prevalence of hypertension and diabetes in the overall sample was 33% and 17%, respectively. Adjusted prevalence of hypertension was highest among Blacks (48%) and lowest among Whites (28%). Similar patterns were observed for diabetes (Blacks: 26%; Browns: 18%; and Whites: 13%). Adjusted prevalence for both hypertension and diabetes according to segregation and cross-classified categories of segregation and race are shown in Fig. 2a and b. Higher prevalence of hypertension and diabetes were observed in the most segregated neighborhoods compared to the least segregated neighborhoods (Hypertension: 42% vs. 29%; Diabetes: 25% vs. 13%). Cross-classified categories of segregation and race revealed similar patterns for both hypertension and diabetes such that Blacks, Browns, and Whites residing in highly segregated neighborhoods had a higher prevalence compared to those residing in the least segregated neighborhoods (see Fig. 2a and b) . Moreover, Blacks had the highest prevalence of hypertension and diabetes prevalence irrespective of segregation.
Multivariable logistic regression results
In multivariable logistic regression models (Table 2) , we found a positive association between segregation and both hypertension and diabetes after adjustment for demographic characteristics such that higher levels of segregation was associated with an increased odds of hypertension and diabetes (Hypertension: OR: 1.10, 95% CI: 1.07, 1.12; Diabetes: OR: 1.12 95% CI: 1.09, 1.15 per one unit increase in segregation). Further adjustment for per capita household income and educational attainment attenuated associations, but they remained statistically significant (Hypertension: OR: 1.05, 95% CI: 1.03, 1.08; Diabetes: OR: 1.07, 95% CI: 1.04, 1.10). Addition of perceived neighborhood conditions and behavioral and biological risk factors that may mediate the association between segregation and risk factors did not attenuate associations. In models that included segregation as a categorical variable (Supplemental Table 3 ), we found that individuals living in highly segregated neighborhoods had a higher odds of hypertension and diabetes compared to those living in the least segregated neighborhoods (Hypertension: OR: 1.26, 95% CI: 1.09, 1.44; Diabetes: OR: 1.50, 95% CI: 1.27e1.76). Finally, interactions between segregation and race were not statistically significant. Residential segregation was calculated using the local G i * statistic and was based on the proportion of heads of households earning 0e3 minimum wages. Higher scores denote higher levels of segregation. The distribution of residential segregation was examined for self-reported racial categories in the ELSA-Brasil sample (Black, n ¼ 1686; Brown, n ¼ 2984 and White, n ¼ 5947) and was significantly higher for Blacks and Browns compared to Whites (<0.0001).
Discussion
In the first large-scale epidemiologic investigation of residential segregation and health in Brazil, we found that individuals living in economically segregated neighborhoods were more likely to have hypertension and diabetes independent of income, education, and other socio-demographic factors. Specifically, individuals living in highly segregated neighborhoods were 26% more likely to have hypertension and 50% more likely to have diabetes than individuals living in the most affluent areas. This finding supports our hypothesis that segregation influences hypertension and diabetes over and above individual socioeconomic status. Furthermore we found that Blacks, irrespective of segregation, had the highest prevalence of both hypertension and diabetes while Browns occupied an intermediary status that was slightly better than Blacks but worse than Whites. Though we did not observe any statistically significant racial differences in the associations, we found that Blacks and Browns in our sample were more likely to live in segregated neighborhoods than Whites. Moreover, we found suggestive descriptive evidence that for Browns, the degree of segregation was more or less distinct from Blacks depending on the racial composition of the larger metropolitan area. This may suggest that Browns living in areas that are predominantly White experience similar restrictions to economic and social mobility to Blacks, and as a consequence, reside in worse neighborhood environments. In short, these findings reflect the non-negligible racial patterning of economically segregated neighborhoods found across urban areas in our study and may implicate these settings and their underlying structural mechanisms as potential drivers of racial inequalities in health in Brazil.
Our findings are consistent with most studies that have linked residential segregation to worse health outcomes. The vast majority of epidemiologic studies examining segregation and health have been conducted in the U.S. and are typically based on race-based measures of segregation which tend to be strongly correlated with patterns of socio-economic segregation (Krieger, 2014) . Furthermore, segregation has generally been assessed at the metropolitan level as opposed to smaller geographic units such as neighborhoods (Kershaw and Albrecht, 2015; Krieger, 2014 ). At the metropolitan-level, recent studies have found that increased segregation is associated with higher risk of hypertension and diabetes (Kershaw and Albrecht, 2015) . However, findings for The ELSA-Brasil sample consists of civil servants from 5 universities and 1 research institute located in 6 urban areas in Brazil. Residential segregation was measured for studydefined neighborhoods using the local G i * statistic. Categories of segregation were defined as follows: High: G i * !1; Medium: 1 > G i * > À1; and Low, G i * À1. Chi-square statistics were used to test for associations for categorical variables. Kruskal-wallis statistics were used to test for associations for continuous variables.
neighborhood-level studies have been more varied. For example, in a recent review of studies on segregation and cardiovascular risk conducted between 2011 and 2014, Kershaw and Albrecht found that of the three studies conducted for hypertension and diabetes (Gaskin et al., 2014; Hunt et al., 2014; , only one found a link to neighborhood-level segregation (Hunt et al., 2014) . It should also be noted that although some investigators have suggested that segregation may provide protective effects for certain groups (e.g. ethnic enclaves) through increased social support/social capital or by serving as a buffer against interpersonal forms of discrimination (B ecares et al., 2012) , our findings are most consistent with the majority of empirical studies which have found segregation to be detrimental to health and well-being.
Residential segregation is the spatial manifestation of entrenched racial and economic inequalities in Brazil. It is a striking and very visible feature of urban areas across the country and, as our findings suggest, has important implications for health and racial health inequalities. First, the spatial separation of individuals based on social class and race is not merely about the segregation of people, but also the segregation of economic and social resources (2a) and diabetes (2b) was based on standard criteria and defined as the # of events divided by the total sample. Adjusted prevalence rates were based on the average age (52.5 years) and gender distribution of the sample and calculated for categories of residential segregation in the full ELSA sample and for cross-classified categories of residential segregation and race (Blacks, n ¼ 1686; Browns, n ¼ 2984; Whites, n ¼ 5947).
Table 2
Adjusted odds ratios (OR) and 95% confidence intervals (CI) for Hypertension and diabetes prevalence corresponding to a one unit increase in residential segregation, ELSA-Brasil (2008e2010 necessary to achieve optimal health. In many instances, highly segregated neighborhoods are literally "cut-off" from access to formal job opportunities, education, and public infrastructure all of which are fundamental to health and well-being (Phelan et al., 2010; Williams and Collins, 2001 ). These settings also often lack health promoting resources such as access to healthy food, recreational and leisure activities as well as health services which further compromises the health of residents in these areas (Diez Roux and Mair, 2010) . Moreover, the high concentration of poverty coupled with social ills such as higher rates of violence that tend to cluster in these settings (Minamisava et al., 2009; Santos et al., 2006) may be sources of stress that lead to unhealthy coping behaviors such as smoking and high alcohol use. These stressors may also activate the body's natural "fight or flight" mechanisms resulting in increased heart rate and blood pressure, as well as release of glucose into the blood stream. Chronic exposure to these settings may, over time, result in subsequent onset of hypertension and diabetes (Juster et al., 2010) . In short, the deleterious neighborhood environments created by residential segregation become "embodied" (Krieger, 2011, p. 214 ) and manifest as poor health outcomes for individuals and populations. Additionally, the systematic and disproportionate exposure of Blacks and Browns to economically segregated neighborhood environments reflects the long history of racial inequalities in Brazil and may be one form of structural racism that creates and perpetuates racial inequalities in health in the country. Though many often argue that, unlike the United States, Brazil did not enact formal laws to restrict the residential environments of Blacks and Browns, de facto practices and policies both inside and outside of the public sector have, in essence, created strikingly different residential environments for individuals of visible African descent. One driver of this phenomenond supported by our data (Table 2 , Model 1 vs. Model 2)d is the compounded history of limited educational and economic opportunities afforded to Blacks and Browns which has stifled their economic and social mobility and relegated them to living in economically segregated residential environments. Affirmative action policies in the form of class and race-based "quotas" within the federal university system have only in recent years begun to redress these inequities. Moreover, there is evidence that Blacks and Browns experience discrimination in the labor market, regardless of their level of education and qualifications and therefore have lower chances of social mobility, including mobility out of segregated neighborhoods (Antônio and Ribeiro, 2006; Osorio, 2009; C. Ribeiro, 2012) .
However, the overrepresentation of Blacks and Browns in economically segregated neighborhoods cannot solely be attributed to inequalities in social class (Telles, 2004b; Vargas, 2005) . Empirical studies have found that Blacks, Browns and Whites from the middle classes and elites do not usually reside in the same neighborhoods (L. Ribeiro et al., 2009; Telles, 1992 Telles, , 2004b . Thus, segregation in Brazil is also characterized by the near absence of Browns and especially Blacks from middle and high class neighborhoods. In other words, there is a phenomenon of "whitening" across socio-spatial hierarchies in Brazilian cities (Feldman, 2004; L. Ribeiro et al., 2009) . This is quite evident in Rio de Janeiro for example: Though Whites make up only 50% of the population, they represent more than 80% of the residents of affluent neighborhoods such as Copacabana, Leme, Ipanema, G avea, Jardim Botânico and Lagoa (Gusmão, 2015) .
According to Edward Telles (2004b) the exclusion of middleclass Blacks and Browns from well-off neighborhoods arises from a combination of factors including discrimination in the formal real estate market, less access to credit, disparities in accumulated wealth, and discrimination from white upper class neighbors against Blacks and Browns. In fact, Browns and mostly Blacks who achieve social ascension often choose to remain in neighborhoods with higher concentration of Blacks and poor, where they have less access to urban infrastructure. This trend may limit their own social mobility since they do not fully participate in the higher classes' social networks (L. Ribeiro et al., 2009) .
Other forms of institutional discrimination at both the state and local level reinforce racial homogeneity in the wealthiest areas of the city (Garcia, 2006; Rocha et al., 2016; Vargas, 2005) . These include management of public transportation which has been used to systematically reduce the spatial mobility of the urban poor (Gomide, 2006; Pero and Stefanelli, 2015) ; high levels of hostility directed towards non-whites among the white upper classes (Figueiredo, 2004; Toste, 2014) ; and racial profiling practices among the police and private security services which transform middle and upper class areas into hostile territories for the poor and especially Blacks and Browns (Ramos and Musumeci, 2005) . In summary, the combination of limited economic and social mobility coupled with discriminatory practices and policies has limited the residential environments of Blacks and Browns in Brazil resulting in poor health outcomes within this subset of the population.
Our study is not without limitations. First, its cross-sectional design limits the causal inferences that can be drawn. This also precludes a more robust empirical examination of the mechanisms that might explain the link between segregation and cardiometabolic risk factors in this population. For example, though we found descriptive empirical evidence that neighborhood conditions and behavioral risk factors were generally worse in highly segregated neighborhoods, inclusion of these factors did not attenuate associations as expected. This is consistent with other findings (Diez-Roux et al., 1997) in cross-sectional data and may reflect the limitations of using cross-sectional designs to explore these mechanisms. Thus, future studies in this setting should consider longitudinal study designs to improve causal inference and better delineate mediating mechanisms.
Additionally, though participants lived in their neighborhoods on average 17 years (median ¼ 14) this may not fully capture an individual's cumulative residential history over the lifecourse which could be more closely related to hypertension and diabetes onset. As with other observational studies examining neighborhood effects on health, our study is prone to selection bias such that individuals might be selected into neighborhoods based on individual attributes (e.g. individual SES or behavioral risk factors) that may also be related to hypertension and diabetes (Oakes, 2004 (Oakes, , 2006 . Finally, the ELSA sample includes civil servants who are employed at universities and research institutes and does not include individuals at the very extremes of the Brazilian income distribution, namely the very rich and the very poor. Thus, the sample is not fully representative of the Brazilian population. It is plausible that this limited the range of segregation in our sample and could have affected our estimates of associations if patterns are not the same across the full continuum of segregation. Moreover, Blacks and Browns in the sample may represent a "healthy subset" which may have limited our ability to observe racial differences in the association we expected. This underscores the need for future studies using population-based samples.
Our study also has important strengths. To our knowledge this is the first epidemiologic study to examine the link between segregation and chronic disease outcomes in Brazil. We do so in one of the largest, multi-site cohort studies of adult health that has ever been conducted in Brazil that includes participants from six diverse urban areas. ELSA-Brasil is also the first multi-site cohort study in Latin America to include biological, socio-demographic and behavioral data as well as perceived contextual characteristics. Additionally, our assessment of segregation was based on a novel spatial approach that allowed us to capture more fully the spatial patterning of segregation and to incorporate, empirically, information on the metropolitan area in which the neighborhoods were embedded. We further elucidate the patterning of cardio-metabolic risk factors by both segregation and race which adds to the small, but growing, empirical literature on race and health in Brazil.
Conclusion
In racially-stratified contexts like Brazil, "place and race" often intersect to create deleterious residential environments that are harmful to health and well-being and disproportionately impact marginalized racial groups. Our findings support this premise and provide empirical evidence that residential segregation may be an important structural determinant of cardio-metabolic risk factors and may contribute to racial health inequalities in this Latin American country. Efforts to eliminate racial health inequalities in Brazil will thus require sustained cross-sectoral and multi-level approaches to improve economic and social conditions for residents in these settings.
